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High specific surface area nanotube g-C3N4 was fabricated by 
a simple two-step condensation method. Photocatalytic 
activity was evaluated by decomposition of Rhodamine B (Rh 
B) under visible light. Nanotube g-C3N4 showed 12 times 
higher photocatalytic activity than that of bulk g-C3N4. The 
improvement of photocatalytic activity was mainly due to the 
higher surface area, the unique morphology and the number 
of defects. 
Introduction 
Photocatalysts have been studied for many years since the report 
by Fujishima and Honda showing that TiO2 can be used to 
catalytically decompose H2O to produce hydrogen under light 
irradiation.1 Meanwhile, graphitic carbon nitride (g-C3N4), which is 
an organic semiconductor with visible-light absorption, high 
reduction ability and high chemical stability,2 has recently received 
much attention as a metal free photocatalyst. Although the rates of 
degradation of harmful organic materials by g-C3N4 were generally 
smaller than those by TiO2-based photocatalysts under UV light, g-
C3N4 has a great advantage in that it works under visible light, 
absorbing blue light along with UV light. 
In past years, g-C3N4 was widely used in composite photocatalysts 
such as g-C3N4/WO3, g-C3N4/sulfur-doped TiO2 and g-C3N4/TaON. 
3-5 Although the activities of composite photocatalysts have been 
enhanced, the results have not been as good as expected. This is 
because original g-C3N4, which was obtained by high temperature 
condensation of melamine, dicyandiamide or cyandiamide, has 
suffered from the problem of having a low specific surface area. The 
specific surface area of original g-C3N4, which is normally below 10 
m2 g-1, has become a bottleneck for further enhancement of 
photocatalytic activity. 
Many methods for improving the specific surface area of g-C3N4 
have therefore been proposed. These methods include the twice 
heating method, 6 exfoliation g-C3N4 by ultrasonic treatment method, 
7 and nanocasting with a hard template method. 8 
Among the various methods, morphology control is considered to 
be an effective means for increasing specific surface area and 
photocatalytic activity. There have been a few reports on fabrication 
of g-C3N4-like nanofibers, nanobelts, nanorods, nanotubes and 
nanowires; 9, 10 however, the XRD pattern of g-C3N4 was changed by 
morphology control: low-angle reflection peak at 13.1° disappeared. 
In this study, we developed a facile method for synthesizing g-
C3N4 with a high specific surface area, which has nanotube 
morphology, by two-step condensation of melamine. In the first step, 
melamine was hydrothermally treated in water, and as-condensed 
melamine was heated by a high temperature in the second step. The 
two-step condensation process controls morphology to increase the 
specific surface area and the photocatalytic activity of g-C3N4. The 
enhanced activity of g-C3N4 was evaluated by photodegradation of 
Rhodamine B (Rh B). 
Characterization of melamine and HM-x 
Figure 1(a) shows XRD patterns of original melamine and 
hydrothermally treated melamine. With the hydrothermal reaction, 
the appearance of new peaks and disappearance of old peaks are 
assertive evidence for the creation of a new arrangement. A very 
well-developed lamellar stacking peak, 11 (002), is observed at 
around 29° after hydrothermal reaction, supporting the observed 
sheet-like structure. Original melamine and hydrothermally treated 
melamine were also confirmed by FT-IR spectroscopy. As shown in 
Figure 1(b), with the hydrothermal treatment, some new peaks 
appeared in the 1750~1850 cm-1 region in both HM-12 and HM-24 
that were attributed to C=O stretching vibration,12 which means that 
polymerization was carried out and cyanuric acid was formed. It can 
be expected that the solution will be changed to an alkaline solution 
by hydrothermal treatment because of the ammonia generated from 
melamine condensation. Therefore, hydrothermal treatment with an 
alkaline solution made the melamine portion change into cyanuric 
acid.13, 14 
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Figure 1 (c), (d) and (e) show SEM images of original melamine 
and the melamine processed at 200℃ in water for 12 hour and 24 
hour, respectively. Figure 1(c) shows that the morphology of original 
melamine is granular with a particle size of 10-50 µm. When the 
hydrothermal treatment time was increased to 12 hours, the 
morphology of products became sheet-like (Figure 1(d)), being 
composed of melamine-cyanuric acid. When the treatment time was 
increased to 24 hours, the morphology of the products was still a 
sheet-like structure, and the size of particles became large.  
Characterization of Hx-C3N4 
 
Figure 2(a) shows XRD patterns of g-C3N4 obtained after heat 
treatment. All of the samples gave two peaks consistent with bulk g-
C3N4, suggesting that the samples basically have the same crystal 
structure as that of g-C3N4 (JCPDS 87-1526). The low-angle 
reflection peak is presumably related to an in-plane structural 
packing motif at 13.1° (indexed as (100)) of bulk g-C3N4. The low-
angle reflection peaks of H12-C3N4 and H24-C3N4 were shifted to 
12.9° and 12.8°, respectively. It was confirmed that, compared with 
bulk g-C3N4, H12-C3N4 and H24-C3N4 have chains that adopt a 
“zigzag-type” geometry to increase the distance of neighboring tri-s-
triazine units.15 The low-angle reflection peak also becomes less 
pronounced. This is mainly caused by the simultaneously decreased 
planar size of the layers during two-step condensation. With respect 
to bulk g-C3N4, the strong inter-planar stacking peak of aromatic 
systems around 27.6° (indexed as (002)) is shifted to a higher degree 
(27.8°  and 27.7°, respectively), indicating a decreased gallery 
distance between the basic sheets in g-C3N4.
16 The (002) peak also 
becomes broader and gradually less intense with increase the time of 
hydrothermal treatment, indicating disturbance of the graphitic 
structure by two-step condensation.  
Functional groups of bulk g-C3N4, H12-C3N4 and H24-C3N4 were 
confirmed by FT-IR spectroscopy. As shown in Figure 2(b), the 
characteristic IR spectrum of Hx-C3N4 was similar to that of bulk g-
C3N4. A peak at about 810 cm
-1 originating from the heptazine ring 
system and peaks in the region from 900 to 1800 cm-1 attributed to 
either trigonal C-N(-C)-C or bridging C-NH-C units were observed 
in all samples.17, 18 These peaks obviously become sharper, probably 
due to more ordered packing of bands. The peaks in the 1750~1850 
cm-1 region disappeared after the second step of condensation, 
indicating that a more “zigzag-type” geometry arrangement 
formation may be due to the appearance and disappearance of acid 
anhydride bonds. Elemental analysis revealed a C/N molar ratio of 
0.66 and less than 2 wt% of hydrogen for bulk g-C3N4, and this ratio 
was almost unchanged with increase the temperature of 
hydrothermal treatment (Table. 1). 
 Figure 2(c) shows UV-vis diffuse reflectance spectra (DRS) of 
the samples. As shown in Figure 2(c), compared with the spectrum 
of bulk g-C3N4, the spectrum of Hx-C3N4 was blue shifted, probably 
due to the well-known quantum confinement effect. These results are 
presumably attributed to decrease in particle size. Actually, the SBET 
of g-C3N4 was enlarged by two step condensation that H12-C3N4 and 
H24-C3N4 showed almost 3 times and 5 times higher specific surface 
areas than that of bulk g-C3N4 (Table 1), respectively. 
Figure 2(d) shows photoluminescence spectra of the samples. The 
excitation wavelength of the photoluminescence spectra is set at 365 
nm. With increase in hydrothermal treatment time, a blue shift of the 
peak wavelength was observed in the fluorescence emission spectra, 
in accordance with the results of UV-vis DRS. Since 
photoluminescence properties would be influenced by defects that 
Figure 2 (a) XRD, (b) FT-IR, (c) UV-vis DRS and (d) 
photoluminescence spectroscopy of the samples obtained by two-
step condensation. 
Figure 1 (a) XRD patterns and (b) FT-IR spectroscopy of 
melamine and hydrothermally treated melamine. SEM images of 
(c) melamine, (d) HM-12 and (e) HM-24. 
Table 1 BET specific surface area and elemental analysis of 
obtained samples. 
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can reduce the strength of fluorescence peaks, photoluminescence 
spectra were also used to determine the number of defects.19 In 
Figure 2(d), it can be seen that the number of defects decreased with 
hydrothermal treatment for 12 hours. After that the number of 
defects increased when the first-step reaction was up to 24 hours. 
The increased number of defects is attributed to the appearance and 
disappearance of more cyanuric acid via the two-step condensation 
process in H24-C3N4.  
A scanning electron microscope (SEM) and a transmission 
electron microscopy (TEM) were used to investigate the textural 
structure and morphology as shown in Figure 3 (a), (c), (e) and 
Figure 3 (b), (d), (f), respectively. Bulk g-C3N4 showed a sheet-like 
morphology as expected, but with two-step condensation, H12-C3N4 
and H24-C3N4 both showed nanotube morphology. The diameter of 
nanotube decreased from around 108 nm to 80 nm over time with 
hydrothermal treatment. What`s more the wall thickness of the H12-
C3N4 and H24-C3N4 nanotube also decreased from 23 nm to 12 nm. 
These results were attributed to the appearance and disappearance of 
cyanuric acid via the two-step condensation process can control the 
morphology of g-C3N4. Therefore, the improved specific surface 
area was probably due to the change in sheet-like morphology to 
nanotube structure and decreased sheet thickness of g-C3N4 (Table 
1).  
Photocatalytic activity for photodegradation of Rh B 
The photocatalytic activities of the prepared samples were 
evaluated by photodegradation of Rh B. Details of the photocatalytic 
measurement and the UV-vis spectroscopic changes of Rh B over 
catalysts are shown in supporting information (Figure S1). Figure 4 
(a) shows photocatalytic activities of the samples (c is the remained 
concentration of Rh B, and c0 is the initial concentration of Rh B). 
As a comparison, without photocatalyst or without light irradiation 
was carried out, and almost none of Rh B was photodegradation at 
all. Bulk g-C3N4 shows poor activity, since only 24 % of the Rh B 
was degraded when the irradiation time lasted for 60 min. On the 
other hand, the photocatalytic activity of H24-C3N4 was much higher 
than that of bulk g-C3N4. Furthermore H12-C3N4 shows the highest 
photocatalytic activity, the Rh B was completely degraded when the 
irradiation time lasted for 40 min. Figure 4 (b) presented the linear 
relationship between ln(C0/C) and the irradiation time for Rh B 
degradation. Rate constant k gives an indication of the activity of the 
photocatalyst. The Rh B photodegradation rate constants for bulk- g-
C3N4, H12-C3N4 and H24-C3N4 displayed as 0.005min
-1, 0.06 min-1 
and 0.03 min-1, respectively. Although H12-C3N4 has a much lower 
specific surface area than that of H24-C3N4, it showed the highest 
photocatalytic activity, being almost 12 times higher than that of 
bulk g-C3N4. Then the photocatalytic activity decreased with 
increase in hydrothermal treatment time up to 24 hours. 
Interestingly, H24-C3N4 has an almost 10 times higher specific 
surface area than that of bulk g-C3N4 and 2 times than that of H12-
C3N4, but its photocatalytic activity was 5 times higher than that of 
bulk g-C3N4 and lower than that of H12-C3N4. It can be attributed to 
two aspects: (i) the blue shift in the light absorption region resulted 
in reduction of visible light into the reaction system and (ii) as 
mentioned above, since the defects can act as recombination centers 
for photogenerated electron-holes,20 the increase in the number of 
defects lowered the photocatalytic performance.  
To evaluate the stability of nanotube g-C3N4, the sample of H12-
C3N4 was chosen to perform cyclic test. The results are shown in 
Figure S2. There was no decrease observed in repeating the reaction 
Figure 3 SEM images of (a) bulk g-C3N4, (c) H12-C3N4 and 
(e) H24-C3N4. TEM images of (b) bulk g-C3N4, (d) H12-C3N4 
and (f) H24-C3N4. 
Figure 4 (a) Photocatalytic activities for Rh B photodegradation 
over bulk g-C3N4 and Hx-C3N4 samples prepared by two-step 
condensation. (b) Relationship between Rh B degradation 
efficiency and the light irradiation time for the bulk g-C3N4 and 
Hx-C3N4 photocatalysis system. 
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three times under the same condition, indicating the good stability of 
the catalyst during the photocatalytic reaction. In addition, the same 
results can be seen by XRD analyses (Figure S3). 
Conclusions 
In this study, nanotube g-C3N4 was fabricated from melamine by a 
simple two-step condensation process. The specific surface area was 
enlarged by morphology control, and the photocatalytic activity for 
decomposition of Rh B under visible light irradiation was enhanced. 
H12-C3N4 shows the highest photocatalytic activity which was 
almost 12 times higher than bulk g-C3N4. Since H24-C3N4 contained 
more defects than H12-C3N4, result in lower photocatalytic activity 
than H12-C3N4, but still 5 times higher than bulk g-C3N4. The results 
reported may provide a good reference for developing more superior 
photocatalyst g-C3N4 and also provides a new sight to enhance 
photocatalytic activity of g-C3N4 without using template for 
morphology control and increase specific surface area. 
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